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Device for the Determination of Distribution Factors. 



We, Incentive AB f a Swedish Body Cor- 
porate, of Arsenalsgatan 4, Stockholm C 
Sweden, do hereby declare the invention, 
for which we pray that a patent may be 
5 granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relates to apparatus for in- 
vestigating two-phase liquid systems and 

10 more particularly to the determination of 
the distribution of a soluble substance be- 
tween two immiscible or only sparingly 
miscible liquids in a two-phase liquid system, 
and especially to the determination of the 

15 distribution or partition factor of a substance 
in such system. The determination of the 
concentration of a substance in both of the 
phases in such a system is desired, or even 
compulsory, not only in purely fundamental 

20 research and technological investigation but 
also in applied chemistry and industrial pro- 
duction, especially in the extraction indus- 
try, such as metal recovery in hydro-metal- 
lurgical processing and extraction of pharma- 

25 ceutically active substances from, for in- 
stance, microbiological broths. Numerous 
examples of applications are generally known 
and can be found in literature. The object of 
determining the distribution varies from 

30 studying the influence on the partition fac- 
tor of the chemical and physical conditions 
of operation, such as the presence of certain 
chemicals, pH, red-ox state, temperature, 
etc., to the control of industrial extraction 

35 processes. Thus, it is often an object to 
find the partition factor as a function of the 
chemical composition and physical state of 
the two solvents forming the liquid phases. 
This may be for the purpose of detecting the 

40 composition and properties of a substance, 
[Price 4s. 6d.} 



or finding out suitable systems and operating 
conditions in analytical and preparative 
chemistry, or again to find optimum condi- 
tions for solvent extraction processes used in 
industry. 45 

The conventional technique for deter- 
mining the partition factor as a function of 
chemical and physical parameters is to carry 
out test-tube experiments, and hundreds of 
such experiments or tests may be required 50 
for each system to be investigated. More- 
over, for obtaining accurate values of distri- 
bution the phases must be completely separ- 
ated from one another, which is often diffi- 
cult and sometimes impossible to attain with- 55 
in reasonable time or at reasonable costs. 

It is the object of the invention to provide 
means for determining the partition factor 
of a substance between two intimately mixed 
liquid phases in an accurate and rapid way 60 
and so that the determination can be carried 
out continuously. 

According to the present invention there 
is provided apparatus for investigating a two- 
phase liquid system, such apparatus com- 65 
prising a mixing vessel for intimately mixing 
two substantially immiscible liquids to form 
a two phase liquid system, the mixing ves- 
sel being provided with an inlet for the 
liquids to be mixed and an outlet for the two 70 
phase liquid system, a separating device for 
completely, continuously and rapidly separat- 
ing the two phases of the two phase system, 
the separating device being provided with an 
inlet for the two phase system and separate 75 
outlets for the separated phases, a conduit 
co nn ecti n g the outlet of the mixing vessel 
with the inlet of the separating device and 
detector means connected to each of the 
outlets of the separating device for measur- 80 
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ing the concentration of a selected substance 
contained in each of the phases. 

For more scientific or laboratory investi- 
gations and researches the mixing vessel may 
5 be an agitator containing the bulk of the 
liquids to be studied. The mixing vessel 
may. however, represent a reactor or ex- 
tractor or the like, such as the mixer or the 
conduit between the mixer and the settler 
10 in a unit of a conventional mixer-settler ar- 
rangement or battery, as used, for instancy 
in the recovery of metals (such as copper) 
from a leach liquor by extraction with an 
organic solvent, such as kerosene, and stnp- 
15 ping the so obtained organic phase with an 
aqueous liquid, such as a sulphuric acid 
solution. The extraction as well as the strip- 
ping may be conducted in one or more steps, 
ancf phase concentration may be checked and 
20 controlled for one or both phases in one or 
more of the steps. Preferably an apparatus 
according to the invention is attached to 
each step to be controlled, but under some 
circumstances one apparatus can be used for 
25 more than one step by providing brancli 
conduits to the pertinent steps, and, if de- 
sired, rinsing the apparatus between the ex- 
aminations of individual steps, which nns- 
in* can be performed by passing the test 
30 liquid through the apparatus for a while 
before the detection is started. 

In either of the cases referred to above it 
mav be advantageous to use an apparatus 
comprising a liquid recycling conduit con- 
35 necting said separate outlet of the separat- 
ing device with said vessel, said detector 
means being connected to said recycbn* con- 
duit, either as a part thereof or preferably in 
a branch conduit . 
40 The separating device is with great ad- 
vantage a centrifugal separator according to 
Patort Serial No. 1.123.958 (Patent Applica- 
tion No. 55610/66), but may, as a principle, 
be any kind of separator by which a com- 
45 plete, continuous and rapid phase separa- 
tion can be achieved, such as a series of 
centrifugal separators. 

The detector means may be any appro- 
priate conventional instrument for measur- 
50 ing the concentration or amount of said 
selected substance. Such detector means 
may comprise one or more measuring cells 
of various kinds adapted to the particular 
substance or substances to be tested, e.g. a 
55 cell for radiometric detection of alpha, beta 
or gamma radiation (which may be used in 
the recovery or separation of radio active 
substances or in measuring certain non- 
active substances labelled with an active iso- 
60 tope), a resistance cell for measuring elec- 
tric conductivity, an optical cell for colon- 
metric, spectrometric. spectrophotometry or 
refractive index measuring or a cell tor 
measuring the dielectric constant The 
65 measuring cells are preferably exchangeable. 



In addition to the detector means proper 
the apparatus should preferably be provided 
with means for measuring other parameters, 
such as temperature and pH. 

It is possible, of course, to evaluate the 70 
data obtained from the detector means 
"manually", Le. to read the values and re- 
cord them by hand, calculate the partition 
factor and rdate it to other parameters ob- 
tained by the apparatus, or in other ways. 73 
However, in a more advanced embodiment 
of the invention the apparatus comprises a 
detector means which includes a detector, a 
signal output member operably connected I to 
the detector and an actuator which includes 80 
and is governeed by a receiver connected to 
and responsive to signals from the signal out- 
put member. The actuator, according to the 
purpose of the measuring, may be a recorder, 
a computor or a regulator member ^con- 85 
trolling a process. It will be understood that 
these signal members, which may be 
equipped with more or less complicated clec- 
£3 T equipments may be of conventional 
nature and need not be described here. ™ 

The invention will now be described in 
more detail with reference to a non-limita- 
tive embodiment of apparatus and examples 
of execution illustrated in the attached draw- ^ 
ins, in which: — .„ . 

fig. 1 is a flow sheet illustrating the 
various units of an apparatus according to 
the invention and , 

Figs. 2 and 3 are curve diagrams showing 
the distribution of some metals as tunstoan 100 
of pH in a two-phase system obtained by 
an apparatus as shown in Fig. 1. . 

The apparatus shown in Fig. 1 comprises 
a mixture vessel in form of a mixer 1, in 
which the liquid phases are intimately mixed 105 
bv the agitator 3, driven by a motor 4. ine 
nfixer is connected with a centrifugal 1 separa- 
tor 7 by a pipe 8 connecting the outlet 9 of 
the mixer with the inlet 10 of the separator, 
the pipe 8 being provided with a feed regu- 110 
latins valve 1 1 . The separator has one upper 
outlet 13. for the light phase, and one lower 
outlet 15 for the heavy phase. Outlet 13 is 
connected to the detector 17 by a pipe 19 
containing a flow meter 21 and a three-way 
valve 23 by which liquid can be passed 
through branch pipe 25 to the measuring 
device or cell 27 of the detector 17 and from 
there further to the measuring device 2*. 
which may contain a pH electrode 30 and a 120 
thermometer 31. The liquid having passed 
the detector and its accessory dements may 
be discarded but is, in the apparatus illus- 
trated, recycled to pipe 19 through branch 
pipe 33. At least in research apparatus the La 
liquid separated is recycled to the mixer 1- 
Since the liquid is heated by the friction in 
the separator and possibly in the mixer, a 
should be cooled so as to mamtain constant 
temperature in the mixer 1. Therefore pips 130 
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19 is attached to a heat exchanger 35 which 
is hi turn connected to one inlet 5 of the 
mixer through pipe 37. In the embodiment 
shown the bottom outlet 15 of the separator 
5 is connected to a detector and recycling sys- 
tem identical to that described with refer- 
ence to the phase discharged through outlet 

The mixer 1 is additionally connected to a 
10 supplier 39 through pipe 41 which may serve 
as an intake for material to be treated and 
for some chemical to influence the distribu- 
tion factor. 
It is to be understood that Fig. 1 may illus- 
15 trate also a process control arrangement ac- 
cording to the invention, the mixer 1 then 
representing the processing vessel or a 
special mixer attached to such processing 
« vessel. 

20 The signals from the detector 17 and the 
accessory measuring means 29 are con- 
veyed by electrical conduits 43 and 45, re- 
spectively, to an actuator in the form of, 
for instance, a recording or a computing de- 
vice, not shown, which may produce prints 
or curves representing the phenomena 
studied. The actuator may, alternatively, be 
designed to transmit impulses based on the 
signals from the detector arrangement, to the 

w supplier 39 by way of conduits 47, thereby 
giving rise to automatic supply in accord- 
ance with the output signals from the de- 
tectors, which is practical in industrial ar> 
plication of the invention. In the case of 

JD Pjw^ research work on the influence of some 
chemical factor on the partition factor, the 
chemical substance can be supplied by hand 
m desired amount through supply member 

From the great variety of situations to 
which this invention can be applied only 
the following examples wfll be recited as 
illustrative. The distribution factor D in- 
dicates the quotient obtained by dividing the 
« concentration in the organic phase with that 
in the aqueous phase. 

Example 1. 

Extraction of copper from an aqueous solu- 
tion with benzene-acetylacetone as a 

50 function of 5H. 

The distribution factor Dc of copper con- 
f amj °f trace amounts of the radioactive iso- 
tope 4 Cu (on which the measurements were 
made) between a 0.1 M NaN0 3 aqueous 

*° Phase and a benzene phase containing 0.1 M 
acetylacetone was ascertained at different 
pH s established by addition of adequate 
quantities of nitric acid. Equal volumes of 
the aqueous phase containing copper srtrate 

™ and the benzene phase were supplied to the 
mixer 1 of an apparatus according to Fig. 
l and thoroughly mixed therein. By opening 
the valve 11 the mixture was allowed to flow 
gently into separator 7 (a specimen accord- 



ing to Patent Serial No. 1,123,958 (Patent 65 
Application No. 55610/66) to be separated 
into two absolutely pure phases, the aqueous 
phase leaving at outlet 15 and the organic 
phase at outlet 13. The pure phases were 
passed to the respective detectors and re- 70 
cycled to the mixer as described above. The 
concentration of copper in each phase was 
determined by radiometric means in the de- 
tectors and the signals from the measuring 

Tt^S* P Xo £ <* m P uter . designated 75 
to render the distribution factor Dcu At 
the same time the pH of the aqueous phase 
was measured. The value was plotted on a 
diagram as shown in Fig. 2, During the 
operation of the apparatus a small amount 80 
of alkali was added to the mixer through 
the supplier 39. When the new pH had be- 
came stable, which could be ascertained from 
the pH electrode 30, the output of the com- 
puter was read and the corresponding Dr* 85 
obtained, and a new value was plotted on the 
diagram. The experiment was continued 
until the curve shown in Fig. 2 was achieved 
which took only 30 minutes. The different 
marks in the curve indicate results obtained 90 
^n^ St . a ^ din £ alka,i » tous increasing pH; 
(filled circle* *), then adding acid thus de- 
crees pH (open squares □) and finally 
adding alkali again (Med triangles ▲). 

With conventional technique about 50 test- 95 
tube experiments would have to be made 
requiring several days of laboratory work. 
From the curve in Fig. 2 useful conclusions 
can be drawn about the copper species in the 
aqueous and organic phases. 100 

Example 2. 

Investigation of the partition factors in a 
chloroform-water system to be used for 
the separation of Mg and Sr. 
pie experiment is carried out with radio- 105 
active isotopes of the metals to be investi- 
gated. The concentrations of the metals can 
then easily be ascertained by radioactivity 
detectors known in the art It is possible to 
test more than one metal at the same time 110 
provided the individual metals emit differ- 
ent kinds of radiation. An aqueous solution 
of the metal (or metals) in conic form, e g. 
magnesium nitrate dissolved in dilute nitric 
acid, is intimately mixed with chloroform 115 
containing about 1% by weight of the com- 
plex-former oxime, (8-aydroxyquinoline) the 
phases being preferably in equal portions, 
in the mixer 1 of an apparatus of the type 
illustrated in Fig. 1. After equilibrium is 120 
reached the mixture is passed to the separa- 
tor 7 and the completely separated phases 
are tested in the detectors 17, the aqueous 
phase also being tested by the pH instru- 
ment 30. and the phases are returned to the 125 
mixer 1. The detectors 17 feed their 
measured values to a computer comprising 
a double rate meter with the logical tunc- 



1,171.795 



tion to render the logarithm for thepart* 
Son or distribution factor Dm* or D*. re- 
SStively. The values obtained, namely log 

rS" whereby pH of the aqueous phase 
bdLwS toternmientiy or contm^; 
Sid the values transmitted f^m thed^tec 

10 tors and pH f^^y^St 
bv the computer and the X— • }; tecoi ^,L^ 
t^t the values of log D and pH are succes- 
SSvl ptottedon the record produced, by the 
^Ler a record similar to that given in 

15 ST? "in ttoSSX °- ut °° C 

2^ with a£ aqueous solution having e g. 

Se computer may be set to p^ducg-JJ- 

25 &«MtiVl.*t way tajj. 

metals La 3 ... Mg= + . Ca^. and Sr*. tested 
- - ifidwiduaily or two or more s^dtaneously. 
it is obvious that curves of this kind are 

Sr in the organic phase. 

Example 3. . 
Extraction of beryllium from ore m ^ 

55 liquid may "*r\ ^ organic phase 

Ser^dle aqueous 

Jhase separated for the recovery of beryl- 

UU Th e distribution factor Db. of beryllium 
iJ2^ l th? orranic solvent and the aqueous 
phSfde^ndTOT beryllium concentration, 
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sulphate concentration. P H. «>ncentraUon of 
^^constituents of the ore (Al, Fe F etc.). 
concentration of the extraction promoter. 65 
intact time and temperature Although 
laboratory experiments on soluUonsof rela- 
tively pure metals or even the particular 
ore used may indicate, in a manner as sdlus- 
SSed in the Example 2, optimum distnbu- 70 
tion of beryllium at given working condi- 
t ons. it is hardly possible to calculate the 
optimum conditions in each of a large num- 
ber of mixer-settler stages where the work- 
tag conditions vary normally from stage to 75 
Sfgfand may vary, occasional through m- 
advertently occurring variations m the 
wiling condition and in the composition 
of the Ire used. Therefore, for an economical 
and effective extraction the distribution 80 
factor should be observed m each stoae con- 
tinuously or at adequate intervals. This can 
SrSeved in accordance with the present 

invention. .. . < «« 

In using an apparatus according to Fig. 1 w 
modified within the scope of the invention 
to suit a mixer-settler process, mixer J may 
represent the mixer of the mixer-settier umt 
or the conduit between the mixer and the 
settler. A sample is taken out, continuously 90 
or at intervals, passed through the separa- 
tor 7 and the phases are tested as to con- 
tents of beryllium and, if desired, other sub- 
stances, and the aqueous phase also with re- 
gardtopH. Each phase being free of en- 95 
Sainmente of the other phase through the 
absolute phase separation, the values ob- 
tained are absolutely true so far The tem- 
perature is also controlled in the liquids 
S The beryllium concentrations m the 100 
phases are continuously measured, e.g. 
spectrophotometricaUy, the value of the da- 
Soa factor Db. is .immediately obtoned 
from the measuring units, and thus the factor 
D BB is almost instantaneously determined 105 
The conditions in the individual mixer can 
then be immediately adjusted by adequate 
variation of the composition of the aqueous 
or organic phase supplied to the mixer or by 
adequate additions thereto. This .can be 110 
made by hand or preferably by an impub* 
member responsive to the measured values, 
as via the computer, so as to obtain a more 
advantageous distribution factor Db. in i each 
individual stage of the mixer-settler 115 

^Obviously, this control can be used in the 
stripping stages as well as extraction stages, 
a high factor Do. (organic: aqueous) being 
desirable in the extraction stages and a low 120 
factor Db. in the stripping stages, where the 
beryUiunTvalue is stripped from the organic 
solution by an aqueous solution 

It is a great advantage with the present 
invention that the distribution or partition 125 
factor can be determined for the substance 
m question directly, which is of great im- 
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portance in process control where it is de- 
sired to obtain results accurately, rapidly 
and continuously, which is not possible by 
indirect measuring by, for instance, pH. 

WHAT WE CLAIM IS : — 

1. Apparatus for investigating a two- 
phase liquid system, such apparatus com- 
prising a mixing vessel for intimately mix- 
ing two substantially immiscible liquids to 
form a two phase liquid system, the mixing 
vessel being provided with an inlet for the 
liquids to be mixed and an outlet for the two 
phase liquid system, a separating device for 
completely, continuously and rapidly sep- 
arating the two phases of the two phase 
system, the separating device being provided 
with an inlet for the two phase system and 
separate outlet for the separated phases a 
conduit connecting the outlet of the mixing 
vessel uith the inlet of the separating device 
and detector means connected to each of the 
outlets of the separating device for measur- 
ing the concentration of a selected substance 
contained in each of the phases. 



2. Apparatus as claimed in claim 1 
which includes a liquid recycling conduit 
connecting one of the outlets of the separa- 
tor device to the mixing vessel, the detector 
means being connected to the recycling con- 

3. Apparatus as claimed in claim 1 or 
claim 2 in which the detector means com- 
prises a detector, a signal output member 
operably connected to the detector and an 
actuator which includes and is governed by 
a receiver connected to and responsive to 
signals from the signal output member. 

4. Apparatus for investigating a two- 
phase liquid system, such apparatus being 
constructed and arranged substantially as 
described herein with reference to and as 
<to™ngs D Figure 1 of the accompanying 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 

Gray's Inn. 
London. W.C1. 



25 



30 



35 



40 



Printed for Her Majesty's Stationery Office by Burgess & Son (Abinedori Ltd —iQfW 
Published at The Patent Office^ 25 Southam^Bui^ 

from which copies may be obtained. ^ 



V 

\ 

COMPLETE SPECIFICATION 

This drawing Is. a reproduction of 
the Original on a reduced scale 

Sheet 1 




1171795 
2 SHEETS 



<>MZE 



1171795 COMPLETE SPECIFICATION 

2 SHEETS n '* Rawing '« a reproduction of 
the Original on a reduced scale 

Sheet 2 




BNSOOCID: <GB. 



1171795A_L> 



